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INTRODUCTION 
Nitrogen in streams undergoes a number of transformations 
that involve both organic and inorganic compounds and are 
similar to those occurring in soils and other aquatic systems. 
Kaushik et al. (1981) provide a detailed discussion of the 
stream nitrogen transformations which are summarized below. 
Most of these processes are microbially mediated and in 
streams are associated with the sediment or sediment-water 
interface. Inorganic nitrogen, usually as nitrate or 
ammonium, may be assimilated by autotrophs or heterotrophs and 
immobilized as organic nitrogen. Through microbial 
degradation organic nitrogen is mineralized to ammonium which, 
under aerobic conditions, may be converted to nitrite or 
nitrate via nitrification. Denitrification may occur in zones 
of anaerobisis/low redox potential. Denitrifying bacteria are 
heterotrophic, facultative anaerobes which use nitrate as a 
terminal electron acceptor in the absence of oxygen. The 
gaseous products of this dissimilatory reduction, nitrous 
oxide or dinitrogen, are lost from the system. Nitrate may 
also be reduced through a dissimilatory process which produces 
ammonium and occurs under similar conditions as does 
denitrification. In terms of nitrogen removal, this process 
is important because it represents a pathway of nitrogen 
conservation or retention. Nitrogen fixation may also occur 
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in streams but is inhibited by the presence of preferred 
inorganic sources of nitrogen. 
High ammonium and nitrate loads from feedlots, municipal 
sewage treatment and industrial point sources have long been 
recognized. Efforts over the last 20 years to reduce these 
sources have resulted in estimated decreases in municipal 
sewage and industrial waste discharges of 46% and 70% 
respectively (Hallberg 1989). Over this same period, high 
nitrate concentrations in surface waters have continued or 
increased, with nonpoint agricultural inputs considered the 
major source (Hallberg 1989). Fertilizer application across 
the Midwest has approximately doubled in the past two decades 
(USDA 1983). As a result, nonpoint source nitrogen loads in 
the region are among the highest in the country (Omernick 
1977) and nitrate concentrations in Iowa surface and 
groundwater frequently exceed 10 mg/1 NO3-N (Crumpton and 
Hersh 1987, Hallberg 1989). Nitrate contamination of 
groundwater is of special concern because of its widespread 
use for drinking water. Groundwater discharge also provides 
perennial baseflow for surface streams in much of the eastern 
United States. 
Streams do not simply act as conduits for nitrate 
transport however, as there is a continuous input, conversion, 
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and loss of nitrate from the system. Nitrate loss during 
transport has been demonstrated in several nitrogen mass 
balance studies. Nitrate uptake by macrophytes has been 
reported in New Zealand streams (Cooper and Cooke 1984). The 
role of algal assimilation of inorganic-N in an indirect 
effect on nitrate loss has also been suggested (Isenhart and 
Crumpton 1989). Denitrification in anaerobic sediments has 
been indicated as the major pathway for nitrate removal in 
most studies (Bachmann et al. 1990, Hill 1981, 1983, Isenhart 
1988, Swank and Caskey 1982). Laboratory investigations have 
confirmed the importance of denitrification in nitrate loss 
from water overlying a variety of stream sediments (Chatarpaul 
and Robinson 1979, Christensen and Sorensen 1988, Hill and 
Sanmugadas 1985, Isenhart 1988, van Kessel 1977, Wyer and Hill 
1984) . The dissimilatory reduction of nitrate to ammonium has 
been indicated in some marine (Koike and Hattori 1978, 
Sorensen 1978) and lake (Chen et al. 1972, 1979) sediments. 
Though this process has been reported in stream sediments 
(Hill and Sanmugadas 1985) its importance relative to 
denitrification has yet to be resolved. 
Stream nitrogen transformations affect and are affected 
by a number of environmental factors and in-stream autotrophic 
and heterotrophic processes. Properties of both the sediment 
and overlying water affect denitrification in stream 
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sediments. Though oxygen in the overlying water has been 
shown to reduce nitrate loss relative to complete anaerobisis 
(Isenhart 1988, van Kessel 1977), denitrification clearly 
occurs at significant levels in sediment overlain by oxygen 
saturated water. The dependence of nitrate loss rates on 
temperature and nitrate concentration of overlying water have 
also been demonstrated (Isenhart 1988, Sain et al. 1977, van 
Kessel 1977). 
Sediment properties influence the availability of both 
the electron source (organic carbon) and terminal electron 
acceptor (NO3) required by denitrifying bacteria. A positive 
correlation between nitrate loss and sediment organic carbon 
content has been described in several studies (Hill and 
Sanmugadas 1985, Wyer and Hill 1984). However, because the 
fraction of total organic carbon which is available for 
microbial use can vary greatly, other measures of organic 
carbon have been applied. Strong correlations between nitrate 
loss and water soluble (Hill and Sanmugadas 1985) and readily 
metabolizable (Cooke and White 1987) carbon have been 
observed. Positive correlations between denitrification and 
sediment ammonium (Hill and Sanmugadas 1985, Wyer and Hill 
1984), total nitrogen (Cooke and White 1987; Swank and Caskey 
1982), and organic matter (Swank and Caskey 1982) have been 
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reported but considered artifacts of the organic carbon 
relationship. 
Physical characteristics of the sediment influence 
diffusion rates of oxygen and nitrate into the sediment. Fine 
textured sediments have been found to show greater nitrate 
removal capacities than those of coarser texture (Cooke and 
White 1987, Isenhart 1988). Studies including particle size 
measures have indicated positive correlations between nitrate 
loss and silt and clay fractions and an inverse relationship 
with sand+gravel fractions (Hill and Sanmugadas 1985, Wyer and 
Hill 1984). A strong positive relationship between 
denitrification activity and sediment volumetric water content 
has also been reported (Cooke and White 1987). 
Sediment chemical and physical properties found to 
influence nitrate loss are also highly correlated with each 
other (Wyer and Hill 1984, Hill and Sanmugadas 1985, Cooke and 
White 1987). Such multicollinearity makes it difficult to 
assess the role of individual factors in the denitrification 
process. 
Big Spring Basin (Clayton County, Iowa) is a 267-km2 
groundwater basin. Groundwater is discharged at Big Spring 
and 98% of the surface water discharges through Roberts Creek. 
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Through the Big Spring Basin Demonstration Project, a number a 
state and federal agencies are participating in a program of 
interactive research, public education, and water quality 
monitoring. Recent research at Iowa State University has 
focused on the transport, transformation, and fate of N- 
fertilizers. These studies have shown that nitrate is the 
dominant form of nitrogen in the basin's surface waters and 
demonstrated the dependence of nitrate removal by sediments on 
temperature and nitrate concentration in overlying water 
(Crumpton et al. in preparation). The influence of gross 
differences in sediment character was also investigated. Fine 
textured, organic sediments had greater nitrate uptake rates 
than those of coarse texture and low organic content (Crumpton 
et al. in preparation). These findings suggested the need to 
study the influence of sediment character on nitrate uptake in 
more detail. 
The objectives of this study were to define the 
relationship between nitrate loss from stream water and 
various physical and chemical characteristics of Iowa stream 
sediments. Results should provide a better understanding of 
the factors controlling nitrate removal. By complementing 
previous findings, this information may allow nitrate removal 
to be defined quantitatively as a function of temperature, 
nitrate concentration, and sediment characteristics. 
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METHODS 
Experimental enclosures were used to investigate the 
relationship between sediment characteristics and nitrate loss 
from overlying stream water. Nine sets of 40 intact sediment 
cores were collected during two field seasons. Four sets of 
cores were collected from 3 Roberts Creek sites in the Big 
Spring Basin from June 21 to August 2, 1989 (Figure 1). 
Between July 14 and July 25, 1990 five sets of cores were 
collected from five other Iowa streams (Figure 2). Sampling 
sites are located on four physiographic provinces; Roberts 
Creek on the Paleozoic Plateau, Eagle and Bear Creeks on the 
Des Moines Lobe, East Fork Boyer River and North Branch North 
River on the southern Iowa Till Plain, and Beaver Creek on the 
Iowan Surface. 
On the day of an experiment, 40 intact sediment cores 
were removed from a 50-100 m stream reach. An effort was made 
to obtain sediments with a range of physical and chemical 
properties. About an hour was needed to collect each set of 
cores. Polycarbonate cylinders (5.1 cm ID, 30.5 cm long) were 
pushed into sediment to a depth of about 14 cm, the top closed 
with a rubber stopper, and the tube containing the intact 
sediment core was pulled out and the bottom stoppered. Cores 
were placed in coolers during transport to the laboratory. 
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D 8-2-89 
Figure 1. Location and dates of sampling for Roberts Creek 
sites (solid circles) in the Big Spring Basin 
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Figure 2. Location of study streams; Roberts Creek=l, Eagle 
Creek=2, Beaver Creek=3, East Fork Boyer River=4, 
Bear Creek=5, North Branch North River=6 
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Duplicate 50-ml stream water samples were collected and 
acidified for later NO3-N determination. In 1989 a temporary 
laboratory at the Big Spring Hatchery was used, while 
facilities at I.S.U. were used during the 1990 field season. 
The cores, with 250 ml of overlying stream water, were 
incubated in the dark at a temperature of 25 °C using 
circulating water baths and environmental chambers in 1989 and 
1990 respectively. Air was bubbled near the sediment surface 
to create some turbulence in an effort to simulate stream 
conditions. For 1989 cores, air was introduced and vented via 
cannula inserted through rubber septa in a plexiglass plunger 
which replaced the top rubber stopper. Small diameter plastic 
tubing replaced cannulae and rubber septa were not used in 
1990 experiments. Low stream nitrate concentrations (<1 mg/1 
NO3-N) necessitated nitrate amendments on three of the four 
1989 sampling dates. In these experiments, the addition of a 
NaN03 solution before incubation increased NO3-N in overlying 
water to about 8-9 mg/1 (Table 1). 
Nitrate nitrogen loss rates were determined for a 6-h 
period. Sampling of overlying water was initiated after the 
cores were acclimated to incubation conditions for 30 to 40 
minutes, with a second sampling 6 h later. Duplicate 5-ml 
samples (3 ml in 1990) were acidified and refrigerated until 
NO3-N analysis was completed using second derivative, 
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Table l. Nitrate nitrogen concentrations (mg l-1) and 
losses (mg m-2 day-1) in stream water and water 
overlying sediment cores by sampling site. Standard 
errors of means are in parentheses 
Site Stream3 Average0' Average0 Range of 
N03-N Initial NO3-N NO3-N 
NO3-N Loss Losses 
Roberts 
Creek .41 8.15 946.0 61.1 - 1749.6 
(6-21-89) (.001) (.085) (61.3) 
Roberts 
Creek .86 9.14 762.8 33.8 - 1696.6 
(6-28-89) (.001) (.062) (70.3) 
Roberts 
Creek . 36 8.72 360.7 -115.7 - 876.7 
(7-26-89) (.003) ( .036) (35.2) 
Roberts 
Creek 9.70 8.85 522.3 221.1 - 854.8 
(8-2-89) ( .009) ( .036) (25.0) 
Eagle 
Creek 12.04 12.55 300.8 72.7 - 722.6 
(7-14-90) (.007) (.058) (17.8) 
Beaver 
Creek 21.31 21.48 344.4 -599.9 - 1322.1 
(7-16-90) (.01) ( .066) (48.9) 
E. Fork 
Boyer 14.33 13.93 -29.1 -363.9 - 580.8 
River 
(7-18-90) 
(.037) (.068) (35.2) 
Bear 
Creek 19.38 19.03 122.1 -212.1 - 366.7 
(7-19-90) (.014) (.053) (23.6) 
N. Branch 
North 7.76 7.81 73.7 -73.5 - 242.9 
River 
(7-25-90) 
(.004) ( .021) (11.9) 
an=2 
bn=40 
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ultraviolet spectroscopy (Simal et al. 1985, Crumpton et al. 
in press). Nitrate nitrogen concentrations were multiplied by 
the volume of overlying water to determine NO3-N content of 
the overlying water. The N03-N loss rate (in mg N m-2 day-1) 
for a given core is the difference between initial and final 
(6-h) NO3-N content of the water column divided by the product 
of sediment surface area (.002027 m2) and incubation duration 
(.25 d.). 
The aeration apparatus used during 1990 incubations 
resulted in substantial evaporation losses. A check of the 
incubator with water-filled tubes revealed that water losses 
in individual cores varied from 2 to 16 ml depending upon 
position. Since the positions of individual cores was not 
noted, an average evaporation loss of 6.4 ml was applied to 
each core. The result is that variability is introduced into 
the loss rate estimates in 1990. Assuming a concentration of 
21 mg/1 NO3-N (the highest in this study), the loss rate 
calculated for a given core could differ by a maximum of about 
50 mg N m-2 d-1 for every ml difference from the corrected 
volumes. 
Sediment chemical and physical properties were determined 
for the same cores that were used for nitrate loss 
measurements. Immediately following incubation the top 2 cm 
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of sediment in each core was extruded and removed (and placed 
in plastic bags and frozen in 1989). The 2-cm sections were 
mixed by hand and about 2 gm (wet weight) were removed for 
organic carbon and total nitrogen analysis. Remaining 
material was weighed (wet weight), dried for two weeks at 40° 
C and weighed again (dry weight), and used for particle size 
distribution determination. 
Following freeze drying and removal of inorganic carbon 
by acidification (Hedges and Stern 1984), sediment organic 
carbon and total nitrogen were determined using a Carlo Erba 
NA 1500 carbon-nitrogen-sulfur analyzer. Sediment wet and/or 
dry weights were used to calculate percent water, the ratio of 
water to solid material, and porosity as shown below. 
% water = ((wet-dry)/wet)*100 
water:solid ratio = (% water*wet)/(dry*100) 
porosity = (1-(dry/(sediment volume*specific gravity)))*100 
The specific gravity of mineral soils ranges from 2.6 to 2.75 
(Brady 1984) and I used a value of 2.65 in all calculations. 
Seiving (sand fractions) and hydrometer techniques (ASTM 1985) 
were used to determine particle size distributions of 1989 
samples. Only percent sand+gravel was calculated on 1990 
sediments. 
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RESULTS 
1989 Experiments 
Two consecutive drought years in the Roberts Creek 
watershed resulted in low, stable flows through the summer of 
1989. Stream nitrate levels were lower than normal on the 
first three sampling dates (Table 1) and had been decreasing 
for several months (Figure 3). Concentrations at these two 
sampling sites in late March, April, and May averaged 3.2, 
2.7, and 1.1 mg/1 NO3-N respectively. 
Nitrate levels of water overlying Roberts Creek sediments 
showed declines in all but 5 (collected July 26, 1989) of 160 
cores. Nitrate losses in cores collected on June 21 and 28, 
1989 were similar and relatively high (Table 1). Losses in 
July 26, 1989 cores (collected from the same site as June 28 
cores) were substantially lower. Loss rates from the August 
2, 1989 sampling were intermediate relative to other 1989 
dates but stream conditions at this site require special 
consideration. Concentrations of at least 7 mg/1 NO3-N are 
maintained at this site year round (Figure 3) and the 
substrate is relatively homogeneous, with fine textured, 
organic sediments predominating. This is reflected in the 
narrow range of nitrate losses observed (Table 1). 
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Figure 3. Nitrate-nitrogen concentrations at Roberts Creek 
sampling sites in 1989. Sampling dates indicated 
correspond to locations in Figure 1 
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Significant correlations were found between nitrate 
losses and each sediment characteristic measured on at least 
one sampling date (Table 2). Percent water, water to solid 
ratio, porosity, % organic carbon, and % nitrogen (total) 
showed the strongest relationships with nitrate losses. Rates 
of nitrate loss were positively correlated with all sediment 
properties except coarse particle fractions (% sand and % 
sand+gravel), which showed an inverse relationship (Figure 4). 
Though nitrate loss was related to sediment character, 
the values for the regression coefficients between nitrate 
loss and sediment properties varied among sampling dates 
(sites). For example an analysis of variance rejects the null 
hypothesis that there were no differences in the slopes of 
nitrate loss - % water regressions (Figure 5) for each date (F 
=15, p < .0001). Slope differences were also indicated for 
all other nitrate loss - sediment property relationships 
across the four sampling dates. 
Sediment properties were highly correlated with each 
other (Table A.I.). Significant correlations were found 
between all sediment properties measured on all dates. With 
the exception of coarse particle fractions, all sediment 
property relationships were positive. Weaker relationships 
were generally shown between % clay and other variables. 
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Table 2. Relationships (r2) between nitrate loss from water 
overlying sediment cores and sediment 
characteristicsa for sampling sites (dates). 
Significance at .01 level for r2 > .14 
Site 
(Date) %N %C %W W: S P %SGb %SDb %ST %CY 
Roberts 
Creek 
(6-21-89) 
.55 .46 .54 .57 .49 .46 .46 .46 .36 
Roberts 
Creek 
(6-28-89) 
.61 .52 .67 .70 .61 ,44 .44 .45 .16 
Roberts 
Creek 
(7-26-89) 
.42 .38 .44 .47 .42 .26 .23 .20 .49 
Roberts 
Creek 
(8-2-89) 
.49 .30 .58 .61 .52 .07 .07 .04 .10 
Eagle 
Creek .01 .02 .01 .01 .02 .03 
(7-14-90) 
Beaver 
Creek 
(7-16-90) 
.24 .26 .33 .30 .28 .27 
E. Fork 
Boyer River 
(7-18-90) 
.53 .52 .54 .55 .49 .53 
Bear 
Creek 
(7-19-90) 
.23 .23 .24 .24 .18 .18 
N. Branch 
North River 
(7-25-90) 
.22 .18 .44 .44 .40 .21 
d%N=% total nitrogen; %C=% organic carbon; %W=% water; 
W:S= water to solid ratio; P=porosity; %SG=% sand+gravel; 
%SD=% sand; %ST=% silt; %CY=% clay. 
^Negative correlations were found for % sand and 
%sand+gravel. 
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Figure 4. Relationships between nitrate loss and sediment 
characteristics (0-2 cm depth) for Roberts Creek 
(6-28-89) cores 
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Figure 4. (continued) 
N
0
3
-
N
 
L
O
S
S
 
m
g
 
N
/m
A
2
/d
ay
 
20 
B 6-21-89 
♦ 6-28-89 
a 7-26-89 
o 8-2-89 
Figure 5. Regressions of nitrate loss on percent water for 
the 4 Roberts Creek sampling dates 
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Correlations between sediment properties (especially particle 
size fractions) from the August 2 sampling were also weak, 
likely a result of the homogeneity of the sediments collected. 
In contrast to the relationships with nitrate loss, the 
relationships between sediment characteristics were generally 
consistent across sampling dates (sites). For example, an 
analysis of variance suggests no slope differences (F = .77, p 
< .51) in % water - % total nitrogen regressions (Figure 6). 
Slope differences between dates were indicated when % clay was 
plotted against other sediment properties. 
1990 Experiments 
Far above normal precipitation in the summer of 1990 
resulted in nearly opposite stream conditions compared to 
1989. Stream flows were near normal on sampling days but each 
site had been exposed to flood flows within a month prior to 
sampling. Stream beds had been scoured and at some sites 
(Eagle and Bear Creeks) fine, depositional sediments had not 
yet accumulated. Stream nitrate concentrations were very 
high, ranging from 8 to 21 mg/1 NO3-N (Table 1). 
Nitrate losses in water overlying sediment cores were 
generally low and on 4 of the 5 sampling dates nitrate 
increases were seen in some cores. Nearly half of the cores 
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Figure 6. Regressions of percent water on percent total 
nitrogen for the 4 Roberts Creek sampling dates 
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collected from East Fork Boyer River showed nitrate increases 
over the incubation period. 
Cores collected from 4 of the 5 sampling sites (dates) 
showed significant correlations between nitrate loss and all 
sediment characteristics measured (Table 2). Rates of nitrate 
loss were positively correlated with all sediment 
characteristics except % sand+gravel. Percent water, water to 
solid ratio, and porosity showed the strongest relationships 
with nitrate loss at these sites. Eagle Creek cores showed no 
relationship between sediment properties and nitrate losses, 
but this site was dominated by coarse textured sediments of 
low organic and water content (Figure 7). The weak 
correlations between sediment properties and nitrate loss in 
Bear Creek cores is also likely related to sediment 
homogeneity (Figure 7). Sediment characteristics were closely 
interrelated with each other (Table A.l.) 
Comparison Between 1989 and 1990 Results 
Cores collected in 1990 showed lower nitrate loss rates 
and a much higher incidence of nitrate gains. Relationships 
between nitrate loss and sediment properties were also 
generally weaker, but undoubtedly affected by the variability 
in evaporation losses between cores in 1990. The decrease in 
loss rate precision likely reduced the strength (r2) of 
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Roberts Creek (6-21-89) Roberts Creek (6-28-89) 
Roberts Creek (7-26-89) Roberts Creek (8-2-89) 
Eagle Creek (7-14-90) Beaver Creek (7-16-90) 
Figure 7. Regressions of nitrate loss on percent water for 
each sampling date 
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E. Fork Boyer River (7-18-90) 
Bear Creek (7-19-90) 
N. Branch North River (7-25-90) 
% WATER 
Figure 7 (continued) 
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correlations between nitrate losses and sediment 
characteristics. 
Similarities between the two years are evident. Positive 
relationships between nitrate losses and % water, water to 
solid ratio, porosity, % organic carbon, and % nitrogen 
(total) were found in both years. Percent sand+gravel was 
consistently inversely related to nitrate loss. The 
interrelationships between sediment properties (Figure 8) were 
also very strong in both years and consistent between dates 
(sites). 
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Figure 8. Relationships between stream sediment 
characteristics (0-2 cm depth) for all sampling 
dates. Percent sand, % silt, and % clay were 
measured only in 1989 
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DISCUSSION 
Several nitrogen transformation processes may be related 
to the nitrate losses I measured. Previous studies have 
generally attributed nitrate disappearance from water 
overlying stream sediments to denitrification. Recent 
investigations using Iowa stream sediments and labelled 
nitrate (15N) seem to confirm this (Crumpton et al. in 
preparation), though dissimilatory nitrate reduction to 
ammonium has also been reported to be important in some 
Ontario stream sediments (Hill and Sanmugadas 1985). Nitrate 
production via nitrification in oxidized sediment surfaces has 
been found to occur at substantial rates in a variety of 
stream sediments (Wyer 1988, Crumpton et al. in preparation). 
Net changes in nitrate concentration during incubation as in 
this study, are a measure of the difference between 
denitrification and nitrification. A nitrate loss rate of 
zero does not necessarily indicate a lack of denitrification 
but perhaps equal rates of nitrification and denitrification. 
This study was not designed to address internal recycling 
processes such as nitrification and dissimilatory nitrate 
reduction to ammonium, but rather to provide information about 
the importance of sediment character in nitrate loss 
processes. 
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Nitrate loss rates observed in this study are of the same 
order of magnitude as those found in other studies of stream 
sediments (Table 3). However, nitrate removal rates displayed 
by Roberts Creek sediments are substantially higher than those 
previously reported. The higher incubation temperature (25 
°C) and nitrate concentrations ( >8.1 mg/1 NO3-N) in 
overlying water used in this study likely contribute to these 
differences. Previous studies generally maintained 
temperatures and nitrate concentrations of less than 21 °C 
(usually 15 °C) and 5 mg/1 NO3-N respectively. 
Nitrate loss rates were clearly related to 
characteristics of the sediment. Percent water, water to 
solid ratio, and porosity showed the strongest relationships 
with nitrate losses in both years. These three properties are 
also strongly correlated with each other. Because water 
occupies most of the void space in sediments, these 3 measures 
might be considered different expressions of the same sediment 
characteristic. High water content may enhance nitrate 
diffusion into areas of the sediment supporting 
denitrification. A similar relationship between denitrifying 
activity and volumetric water content was reported by Cooke 
and White (1987). 
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Table 3. Reported nitrate 
water overlying 
loss rates (mg m-2 day-1) from 
stream sediment 
Location N03-N Removal Reference 
mg N m-2 day-1 
Swifts Brook 
(Ontario) 
60 - 170 Sain et al. 1977 
Canal 
(Holland) 
95 - 161 van Kessel 1977 
Canagagigue Creek 
(Ontario) 
140 Robinson et al. 1978 
Canagagigue Creek 
(Ontario) 
50 - 90 Chatarpaul and 
Robinson 1979 
Duffin Creek 
(Ontario) 
20 - 250 Hill 1981 
Nottawasaga River 
(Ontario) 
10 - 190 Hill 1983 
Several streams 
(Ontario) 
11 - 171 Wyer and Hill 1984 
Several streams 
(Ontario) 
37 - 412 Hill and Sanmugadas 
1985 
Bear Creek 
(Iowa) 
65 - 197 Isenhart 1988 
Roberts Creek 
(Iowa) 
361 - 946 This study (1989) 
Several streams 
(Iowa) 
-29 - 344 This study (1990) 
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Sediment organic carbon (%) and total nitrogen (%) 
content were consistently related to nitrate losses and also 
strongly correlated to each other. Organic carbon forms the 
energy (electron) source for denitrifying bacteria and has 
been correlated with denitrification in soils (Knowles 1982) 
and stream sediments (Wyer and Hill 1984). Much of the 
organic carbon present in sediments is not readily available 
for microbial use. Stronger relationships between nitrate 
loss (or denitrifying activity) and water soluble carbon or 
readily metabolizable carbon have been found in both sediments 
(Cooke and White 1987, Hill and Sanmugadas 1985) and soils 
(Burford and Bremner 1975). Correlations between 
denitrification and total nitrogen or sediment ammonium have 
been reported (Cooke and White 1987, Swank and Caskey 1982, 
Wyer and Hill 1984), but may be related to carbon 
availability. High sediment total nitrogen or ammonium levels 
may indicate the presence of readily decomposable organic 
matter (Wyer and Hill 1984). 
Relationships between nitrate loss and sediment particle 
size fractions were weaker and more variable than those of the 
aforementioned sediment properties. Finer textured sediments 
generally showed greater nitrate uptake than those of coarse 
texture. Similar observations have been reported by Hill and 
Sanmugadas (1985) and Wyer and Hill (1984). Particle size may 
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affect nitrate diffusion into sediments and is directly 
related to particle surface areas available for microbial 
attachment. Dale (1974) found greater bacterial numbers in 
fine intertidal sediment fractions. Greater bacterial 
colonization and metabolic activity was also associated with 
finer particle ranges of stream (Baker 1986) and lake (Jones 
1980) sediments. 
Recent investigations have suggested denitrification in 
sediments to be dependent on the thickness of the aerobic 
surface layer, which acts as a barrier to diffusion of nitrate 
from overlying water (Christensen et al. 1990, Nielsen et al. 
1990). Under light, O2 production from benthic algal 
photosynthesis was shown to increase the thickness of the 
aerobic zone, inhibiting denitrification. Because sediment 
cores were incubated in the dark, photosynthetic oxygen 
production was not a factor in this study. However, the 
thickness of the aerobic layer is likely influenced by 
characteristics of the sediment in the presence or absence of 
light. Sediment water content or porosity are related to 
diffusivity, which influences diffusion of O2 and N03 into the 
sediment. In the dark, thickness of the aerobic surface zone 
is dependent on O2 consumption by heterotrophic microbes and 
benthic algae. Sediment respiration is primarily bacterial 
(Hargrave 1972) and is strongly related to sediment organic 
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matter content (Hargrave 1972, Baker 1986). Therefore, 
sediment organic matter (or measures of organic carbon) are 
not only expressions of electron availability for 
denitrifiers, but may also influence aerobic respiration and 
the thickness of the aerobic surface layer. 
The relationships between specific sediment properties 
and nitrate losses are obscured by multicollinearity between 
the sediment properties. Sediment properties are highly 
correlated with each other on all sampling dates. Fine 
textured sediments generally had high water, organic carbon, 
and total nitrogen contents and porosities; all are 
characteristics positively correlated with nitrate loss. In 
addition, slight differences in the strength of relationships 
(r2) between certain sediment properties and nitrate losses 
may be artifacts of the sediment property assays. For 
example, the method used to find % water may be more precise 
than the technique used to determine % total nitrogen. 
On a given day, differences in the nitrate loss-sediment 
property relationships are evident (Figure 7). However, it is 
impossible to separate the potential affect(s) of sampling 
date or site. The absence of a range of sediment 
characteristics (Figure 7) is reflected in the weak 
correlations between nitrate loss and sediment properties in 
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cores collected from Eagle and Bear Creeks. However, other 
factors undoubtedly contributed to differences in the results 
between sampling dates (sites). For example, results from 
cores collected from the same Roberts Creek site on June 21 
and July 26, 1989 were surprisingly different. The July 26 
cores showed lower nitrate loss rates and the weaker nitrate 
loss-sediment property relationships. Differences in the 
slopes of nitrate loss-sediment property regression lines 
between these two dates are also evident. A wide range of 
sediment characteristics is displayed on both dates and 
nitrate levels in the stream and laboratory were nearly 
identical, suggesting the influence of a factor which was not 
measured. Prolonged exposure to low nitrate concentrations 
may have repressed denitrifying activity in sediments 
collected on the latter date (Figure 3). Differences in 
nitrate loss-sediment characteristic relationships between 
sites or dates may also be influenced by the simultaneous 
occurrence of nitrification and nitrate reduction (Hill and 
Sanmugadas 1985) . Higher rates of nitrification on a given 
day could result in an underestimate of nitrate losses which 
would be reflected in the slope of the nitrate loss-sediment 
characteristic regressions for that day. 
Lower nitrate losses in 1990 also raise the question of 
the influence of sediment disturbance from flood flows on 
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nitrate uptake. The suspension and subsequent transport of 
sediment associated with a major flood would likely affect the 
sediment microbial community but this aspect has received 
little direct study. Williamson and Cooke (1985) found a 50% 
reduction in the nitrifying capacity of sediments following a 
flood event and a 14 day lag period before a return to pre¬ 
storm values. Decreases in denitrification activity have also 
been reported following high discharge events which eroded 
sediment surfaces (Christensen and Sorensen 1988, Christensen 
et al. 1990). 
In summary, the rate of nitrate uptake by Iowa stream 
sediments is clearly related to the physical and chemical 
characteristics of the sediment. Rates increase with 
increases in sediment water, organic carbon, and total 
nitrogen content, porosity, and fine (silt and clay) particle 
fractions and decrease with increasing sand and sand+gravel 
content. These characteristics are also highly interrelated, 
making it difficult to assess the influence of individual 
sediment properties. However, strong correlations between 
sediment variables may eventually allow development of methods 
which can quickly, and with reasonable accuracy, predict the 
contribution of sediment character to the nitrate removal 
capacity of sediments. Simple measures such as water content 
or percent sand may be only indirectly related to nitrate 
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reduction mechanisms but innately related to sediment 
properties controlling nitrate uptake. Differences between 
experiments indicate that other factors in addition to 
temperature, nitrate concentration, and sediment 
characteristics also influence nitrate removal rates. More 
study is needed to determine the relative importance of 
nitrification and nitrate loss processes in streams and their 
relationships with sediment characteristics. The effects of 
sediment disturbance and the re-establishment of stream 
microbial communities following flood events also need further 
study. 
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APPENDIX 
Table A.l. Correlation matrices (r2) of stream sediment 
characteristics3 for each sampling site (date). 
All correlations significant at .01 level 
Roberts Creek (6-21-89) 
%N %C %W W: S P %SG %SD %ST %CY 
%N 1 .95 .93 .92 86 .90 .90 . 88 . 65 
%C 1 .87 .84 79 .87 .87 . 88 . 64 
%W 1 .98 93 .91 .90 .91 .72 
W:S 1 88 .88 . 87 . 88 . 65 
P 1 .86 .85 . 85 .75 
%SG 1 . 99 .99 .81 
%SD 1 .99 .79 
%ST 1 .76 
%CY 1 
Roberts Creek (6 -28-89) 
%N %C %W W: S P %SG %SD %ST %CY 
%N 1 .96 .93 .90 90 .91 .91 .90 . 52 
%C 1 .86 .80 85 .86 .86 .86 .44 
%W 1 .97 96 .85 .85 .84 . 52 
W: S 1 90 .78 .78 .76 . 52 
P 1 .86 .86 .85 .53 
%SG 1 .99 .99 . 57 
%SD 1 .99 . 57 
%SL 1 .50 
%CY 1 
Roberts Creek (V -26-89) 
%N %C %W W: S P %SG %SD %ST %CY 
%N 1 .99 .97 .96 91 .87 .86 .82 . 88 
%C 1 .98 .92 94 .93 .91 .89 .87 
%W 1 .95 96 .89 .86 . 84 . 90 
W: S 1 85 .74 .73 . 68 .88 
P 1 .91 .88 .88 .86 
%SG 1 .98 .99 .79 
%SD 1 .97 .78 
%ST 1 .71 
CY 1 
aComplete terms for sediment characteristics are provided 
in Table 2. 
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Table A.l. (continued) 
Roberts Creek (8-2-89) 
%N %C %W W: S P %SG %SD %ST ICY 
%N 1 89 .81 .78 .70 .55 . 54 .45 .26 
%C 1 . 60 . 53 .51 .67 .66 . 62 .25 
%W 1 .98 .88 . 38 .38 .33 .21 
W: S 1 .84 .33 .32 .27 .21 
P 1 .29 .29 .24 . 17 
%SG 1 .99 . 94 . 35 
%SD 1 .93 . 35 
%ST 1 . 14 
%CY 1 
Eagle Creek (7- 14-90) 
%N %C %W W: S P %SG 
%N 1 .96 . 60 .65 . 61 . 60 
%C 1 .50 .55 . 55 .54 
%W 1 .99 .63 .84 
W:S 1 . 69 .88 
P 1 . 63 
%SG 1 
Beaver Creek (7- -16-90) 
%N %C %W W: S P %SG 
%N 1 .99 .91 .94 .91 .97 
%C 1 .92 .94 .92 .97 
%W 1 .98 .97 .92 
W: S 1 .95 .92 
P 1 .94 
%SG 
E. Fork Boyer River (7-18- •90) 
1 
%N %C %W W: S P %SG 
%N 1 .99 .96 .98 .95 .96 
%C 1 .95 .97 .95 .97 
%W 1 .99 .94 .96 
W: S 1 .94 .94 
P 1 .95 
%SG 1 
Bear Creek (7-19-90) 
%N %C %W W: S P %SG 
%N 1 .96 .79 .80 .83 .79 
%C 1 .81 .83 .84 .75 
%W 1 .99 .77 .80 
W: S 1 .80 .78 
p 1 .76 
%SG 1 
